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ABSTRACT

Research has shown that video games have the potential to serve as a
learning tool, primarily through their appeal to children, which leads to increased

engagement and an ensuing increase in intrinsic motivation. Video games have

also been shown to have the potential to increase academic by improving

cognitive abilities as well as subject specific knowledge. This study examined the
use of a mathematics computer game on math achievement as assessed by

teachers, tests taken by the students, and students’ mathematics attitudes.

Students who played recreational games at home and used the computer game
at school improved more on the math achievement measure compared to

students who only played at home, who only played at school, and who played at
neither home nor school, indicating the recreational game playing can prime
children to gain more benefits from educational software. Results failed to reach

statistical significance, but effect sizes indicated that students who used the

computer game improved more on math achievement and attitudes compared to
students who only received regular classroom instruction. Finally, boys improved

more over time than girls in mathematics achievement. These results suggest
that educational computer games may have a positive influence on mathematics

achievement, but they may be primarily effective for children who also play video
games at home. Computer games may also be a more effective learning too! for
boys than for girls.
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CHAPTER ONE
. INTRODUCTION

Computers and video game consoles are becoming a staple in the

modern home. In the United States, 90% of fourth grade students and 94% of
eighth grade students have a computer in the home. Fifty-eight percent of fourth

graders and 69% of eighth graders use a computer at both home and school
(Mullis, Martin, & Foy, 2008). According to the Entertainment Software
Association (ESA) in a 2009 survey, 68% of American households play video or

computer games, and 42% of homes own a video game console. In 2004, 83%
of children lived in a home with at least one video game system. Forty-nine
percent of children had a system in their bedroom (63% of boys and 33% of
girls). In 2008, computer and video game sales were $11.3B, up from $9.5B in
2007 (ESA, 2009). Eight to ten year-olds played an average of 1.25 hours of

video games a day (Roberts, Foehr, & Rideout, 2005). These technological
changes have altered the way knowledge is gained and shared, possibly leading

to a change in how people think and process information. Classroom instruction
should respond to the educational demands of modern society, which includes

the use of technology (Gros, 2002). The purpose of the current study was to
examine the use of a computer math game to determine whether it can be

effective as a practice method for mathematics learning in young children.
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Benefits of Computer and Video Games
Experience with computers gives children a valuable skill in modern

society. The use of technology in learning can put the subject matter into context

and make the student an active participant in the acquisition of knowledge (Gros,

2002). These are important ideas in the constructivist perspective, which states
that children should learn through active exploration and discovery rather than
having knowledge fed to them in a linear fashion (Fosnot, 1996). Constructionism

was built on the ideas of Jean Piaget, who believed that children make their own
knowledge and ideas, and are more likely to build new ideas when engaged in

the creation of some type of external artifact such as a painting (Kafai & Resnick,
1996). Technology can contribute to this approach by providing interactive
learning environments, especially those that enhance communication and

collaboration (Gros, 2002).
Video games, which include both computer and console games, can

provide informal education for the world of technology and computers.
Recreational video games create new schemas of cognitive processes such as
anticipatory thinking, organization of information, alternative solution paths, and
means-ends analysis (Pillay, 2003) which can be applied to the use of
informational technology and multimedia that are required skills in today’s
culture. These cognitive abilities can also be applied to non-technology
applications, such as problem solving and predicting outcomes.
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Knowledge of iconic (symbolic) codes are important in a world that relies
increasingly on computer applications with graphic interfaces. Experience with

computer games can make gamers prefer an iconic mode of representation as
opposed to verbal representation (Greenfield et al., 1994a), which aids in the

ability to acquire knowledge from scientific computer applications. Iconic, or
symbolic, knowledge is increasingly necessary in the modern world for the vast

number of technology and applications that rely heavily on iconic representation.
Once basic iconic knowledge is obtained, it becomes easier to apply that

knowledge to new applications.

Cognitive processes developed in one computer application may be
transferred to other similar applications. Students who play recreational games
are able to complete tasks in educational computer games with higher accuracy
and speed (Pillay, 2003). Familiarity with one computer program can give

children a jump start in learning other programs simply through experience in a
similar interface, giving children confidence in their ability to learn and use

technological applications. Computer and video games can increase this

familiarity and comfort with technology, leading to an overall benefit for
functioning in modern society.

As detailed below, video games have been shown to provide many
benefits for children and education. They act as motivational tools, increasing
children’s intrinsic motivation. They can also increase engagement and interest

as well as provide fun and enjoyment, which together contribute to intrinsic
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motivation. They also give children a sense of autonomy and control over their
own learning. In addition, they have been shown to improve cognitive abilities

and serve as learning tools in academic contexts.
Computer and Video Games as Motivational Tools
Motivation is an important and often elusive part of the learning process.

Motivation can be divided into intrinsic and extrinsic motivation. Extrinsic

motivation comes from external sources, such as parental encouragement.
Intrinsic motivation comes from internal sources, such as a person’s own sense

of achievement (Malone & Lepper, 1987). Educators strive to instill both extrinsic
and intrinsic motivation in their students. While some see extrinsic and intrinsic

motivation as opposites (with one being achieved at the expense of the other),
Lepper, Corpus, and Iyengar (2005) argue that extrinsic and intrinsic motivation
are not opposites but rather orthogonal constructs; as such, they can increase
and decrease independently of each other. Standardized tests and GPA are

positively correlated with intrinsic motivation, but negatively correlated with

extrinsic motivation (Lepper et al., 2005), suggesting that intrinsic motivation is

an important part of learning and that extrinsic motivation may have adverse

effects on the learning process. Unfortunately, intrinsic motivation tends to
decrease at the higher grade levels (Lepper et al., 2005).

Intrinsic motivation can occur when an activity is enjoyable in and of itself.
Enjoyment of the activity can increase students’ interest and motivation to learn

(Pekrun, Goetz, Titz, & Perry, 2002). According to Csikszentmihalyi’s (1990) flow

4

theory, enjoyment comes from a sense of novelty and accomplishment. The

natural enjoyment that comes from learning tends to disappear as people get

older, possibly because learning becomes an external imposition (i.e., the
pressure to get certain grades or a high score on standardized tests). Flow

occurs when action and awareness merge; when someone becomes so involved

with an activity that they have no psychic energy to spare, i.e., being completely
"absorbed” in what they are doing. An optimal experience must be an end in itself
and therefore becomes intrinsically rewarding, even if initially started for other

reasons (Csikszentmihalyi, 1990).
Computer and video games can create a flow experience for students,

increasing intrinsic motivation. Teachers see the increase in motivation that video
games provide as the greatest advantage of using games in the classroom
(Egenfeldt-Nielsen, 2005). For example, a video game created to teach

geography was found to significantly increase students’ intrinsic motivation and
lower extrinsic motivation when compared to the traditional school environment

(Tuzun, Yilmaz-Soylu, Karakus, Inal, & Kizilkaya, 2009). Similarly, students using
a history video game showed greater intrinsic motivation for learning the material

than students using traditional learning methods (Egenfeldt-Nielsen, 2005).
According to Lopez-Morteo and Lopez (2007), students viewed an electronic

learning environment as a learning aid and motivational tool.
Engagement and Interest. As described above, video games can promote

engagement and interest in the activity. Students find gaming computer
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applications more appealing, engaging, and effective than a non-gaming

computer application that contains the same information (Papastergiou, 2009;
Virvou, Katsionis & Manos, 2005). The high degree of engagement within the

games can provide teachers with a jumping off point for related material and
activities (McFarlane, Sparrowhawk, & Heald, 2002).

Even if the game is not educational by itself, teachers can use the context
•provided by the video game in the classroom, giving the students something they

are familiar with and interested in, thereby motivating their learning (Rosas et al.,
2003). Putting learning into a context interesting to the students can promote
engagement in the activity and increase learning (Kamii & Housman, 2000).
Video games can help provide a way for students who have difficulty

focusing to engage with a learning activity. Teachers have observed, for
example, that students who have difficultly focusing in class appear immersed in
the gaming application (Virvou et al., 2005).

Fun and Enjoyment. Enjoyment can increase students’ intrinsic motivation,

as well as interest, effort, and self-regulated learning (Pekrun et al., 2002).
Having educational content within video games provides an element of fun,

which increases motivation for the gamer (Rosas et al., 2003). A computer
application containing biology information, for example, was found to help

students enjoy the information and provide a motivating learning environment
(Tsui & Treagust, 2003). Similarly, students using a virtual reality biology

simulation found the content enjoyable and easy to learn (Shim et al., 2003).
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Also, in a military training application, participants given information in a game

format rather than a textbook found the materia! to be more enjoyable and

effective, and they had more confidence in their ability to do well on the test. In
addition, participants who enjoyed the material performed significantly better on

the test (Ricci, Salas & Cannon-Bowers, 1996). In a high school setting, while

students playing math video games did not show significantly higher motivation
scores than students who did not play the games, interviews with the teachers
and students suggested that the video games had a positive effect on their

feelings of achievement and motivation (Kebritchi, Hirumi & Bai, 2008).
Autonomy and Control. Part of intrinsic motivation and the flow experience

is a sense of control (Csikszentmihalyi, 1990; Malone & Lepper, 1987). Video

games allow the player a sense of control rather than having information fed to
them, leading to an active rather than passive experience. This increases

intrinsic motivation (Garris, Ahlers, & Driskell, 2002) as well as adding to the

state of flow and engagement of the player (Jones, 1998).
Video games can allow students to be more autonomous in their learning
(Rosas et al., 2003; Tuzun et al., 2009), which teachers see as an advantage of

using video games in the classroom (Egenfeldt-Nielsen, 2005). Teachers have
noted that even students who usually have trouble behaving in class can work in
peace and quiet while using video games without disturbing the other students
and that they actually appeared interested in the educational content (Virvou et

al., 2005). -
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Skill Enhancement Through Video Games
In addition to motivation, video games have the potential to increase
learning outcomes, including improving such cognitive abilities as spatial skills,

visual attention, reasoning abilities, as well as subject-specific knowledge.
Cognitive Gains. Pillay (2003) states that recreational video games can

improve cognitive strategies such as anticipatory thinking (anticipation of future
events), organization of information, alternative solution paths (consideration of
multiple possibilities), and means-ends analysis (testing and anticipating cause
and effect). Video games have also been shown to improve cognitive

performance as measured by visual attention, auditory perception, short-term

working memory, and mathematical decision making (Barlett, Vowels, Shanteau,
Crow, & Miller, 2009). Ke (2008), however, found no difference in cognitive math
skills or metacognitive awareness in students who used video games compared

to those who did not. The lack of difference may have been caused by flaws in

the measure (Ke, 2008) or a video game that did not have an ideal design for

educational purposes.
The use of logic computer games, which are games requiring players to
use reasoning and strategies, can have a positive impact on students’ reasoning

abilities (Bottino, Ferlino, Ott, & Tavella, 2007). Teachers have noted that games

can improve problem solving, sequencing, memorization and deductive
reasoning (McFarlane et al., 2002). It is believed that these benefits come
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directly from the context of the game. Therefore, games that require logic in order
to play them can improve the logic and related cognitive skills of the game player.

Video games have also been shown to improve spatial abilities including

mental rotation (De Lisi & Wolford, 2002), selective visual attention (Green &

Baveller, 2003), and divided visual attention (Greenfield, deWinstanley,

Kilpatrick, & Kaye, 1994b). Games improve these skills by enhancing the
capacity and speed of visual processes as well as improving strategies and

reaction time for managing several visual tasks (Green & Bavelier, 2003). These
skills can benefit students by improving general attention, e.g., paying attention in

class, as well as helping them in learning higher levels of math, such as

geometry and trigonometry, and higher level sciences. Improved spatial and
visual abilities may also enhance general problem solving, even outside of the

classroom environment.
Video games also have a compensatory effect for both girls and boys with

relatively weak spatial skills (Subrahmanyam & Greenfield, 1994). This means
that over the course of the study students who had weak initial spatial skills

showed more improvement from using video games compared to students who
had high initial spatial skills. This resulted in relatively little difference between

the two groups in their final spatial abilities.
Although gender differences are seen in the studies of video games and
cognitive processes, gender and previous game experience affect initial game

skill and knowledge more than they affect the cognitive processes involved in
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gameplay (Greenfield et al., 1994a). This means that boys started the study with
higher skill and experience with video games than girls, but both boys and girls

exhibited similar mental processes when engaged in gameplay. Therefore,

games can be seen to benefit both genders, even though boys may score higher
on initial measures of gaming knowledge and skills.

Learning Gains. When video games are used in the classroom to
supplement class material, they can improve the learning outcomes of the

students. This gain has been seen in many participants including geography
(Tuzun et al., 2009; Virvou et al., 2005), biology (Shim et al., 2003; Tsui &

Treagust, 2003), and computers (Papastergiou, 2009). Students using a
geography video game showed significant learning gains when learning about
countries and continents (Tuzun et al., 2009). In another study, students with an

initially poor performance showed greater benefits in geography from a

geography game than students with an initially high performance (Virvou et al.,

2005), suggesting that video games may serve as a remedial measure by

bringing low performing students up to the same level of the higher performing
students. Thus, video games may be most effective for children with lower

achievement and performance by presenting these students with a different way

of learning the material as well as providing them with additional practice.

Likewise, a biology computer application that allowed students to experiment with

the effects of genetics on virtual creatures was found to increase students’
reasoning abilities in the area of genetics (Tsui & Treagust, 2003). Students who
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used a virtual reality biology simulation scored significantly higher on a biology

test compared to students who were given the same information in 2D formats,

e.g., books and pictures (Shim et al., 2003). Conversely, Egenfeldt-Nielsen

(2005) initially found no difference in learning outcomes in students given a
history computer game. However, when all of the students were tested five

months later, students who had used the game showed better retention of the
material. Finally, In a military training application, participants who were given
study material in the form of a computer-based game had higher scores than

participants given the material in text format on a test administered four weeks
later (Ricci et al., 1996), also suggesting that a computer game can enhance

retention of knowledge. Taken together, these studies show that computer
games can be a beneficial tool in the classroom. However, since not all of the
studies show positive results, more research needs to be done to determine what

makes some games work while other games have no effect.

What Makes a Good Educational Video Game?

It is the gaming element of the content that leads to the greatest gains in

computer or video game playing, rather than a computer program without a
gaming element. The gaming element can be as simple as keeping score, e.g.,

points awarded for correct answers, to having a character that moves around to
access the next portion of the software. For example, in a study by Virvou et al.

(2005), students who used a game that quizzed geography knowledge showed a
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greater educational benefit than students who used software that contained the
same information without a gaming element. Similarly, in a study where students
in a high school computer class all received access to a computer environment
that contained information about computer memory, the group whose information

was presented in a gaming format significantly outperformed the non-gaming

group on a test that measured the knowledge gained (Papastergiou, 2009).
Teachers in Denmark have noted the lack of quality software as the
biggest disadvantage for the usefulness of computer games in an educational

setting (Egenfeldt-Nielsen, 2005). This is a major issue as most of the games
that claim to be educational (i.e., “edutainment” games) lack the features to truly

promote learning as well as the features that make video games fun to play,
essentially combining the worst of both worlds. Educational games should
contain certain features to maximize immersion on the part of the player, in order
to maximize both intrinsic motivation and learning outcomes. Some of these

features are those that, according to Maione and Lepper (1987), are aspects of

intrinsic motivation: challenge, clear goals, uncertain outcomes, and performance
feedback.

As discussed below, there are a number of factors identified through
research that serve to make video games more engaging and effective. These
factors are clear goals, direct and instant feedback, progression of difficulty,
fantasy, learning within gameplay, opportunity for children to collaborate, and

teacher involvement. Differences in gender preference are also discussed below.
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Clear Goals
According to Malone and Lepper (1987), goals are an important part of
intrinsic motivation. Csikszentmihalyi’s (1990) optimal flow experience also relies

on clear goals, which lead to incentives to keep going and satisfaction of
accomplishment. Specific and challenging goals lead to increased motivation and
enhanced performance (Garris et al., 2002). Goals can be more effective for

motivation when given a hierarchical structure, which can be a mixture of short
and long term goals, or goals and subgoals (Malone & Lepper, 1987). Goals and

subgoals encourage cognitive tasks such as planning and monitoring (Azevedo,
2005).
Not only should goals be clearly expressed, but the outcome of the goals
should be uncertain, which is another aspect of intrinsic motivation (Malone &

Lepper, 1987). If goals are easily met, the game is perceived as being too easy.

If goals seem far out of reach, however, the player may feel defeated and

decrease his or her effort. Therefore, games should include progressively difficult
levels and multiple goals that are meaningful to the player (Garris et al., 2002;

Jones, 1998).
Most video games include goals, though these goals may appear in
different forms. For instance, in some games, the goal is simply to get the highest

score, while in others, goals may include meeting certain objectives in order to
advance the plot and win the game. Many games include both primary goals (i.e.,
those that must be completed to win the game) and secondary goals (i.e.,
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optional tasks not necessary for the completion of the game but may provide
special bonuses such as new equipment). According to Ke (2008), players will

- enhance their efforts and performance when operating under high goal
commitment.

Direct and Instant Feedback

Along with goals, games need feedback that allows the player to monitor
progress towards the goals. Feedback can facilitate monitoring of progress by
verifying goals and subgoals that have been achieved and have yet to be met

(Azevedo, 2005). Sustained motivation and learning from the activity depend on
performance feedback which should be frequent, clear, and constructive (Ke,

2008; Malone & Lepper, 1987). Feedback should also be immediate in order to
provide the most information and benefits (Jones, 1998).
Feedback provides an assessment of progress toward goals, driving the

gamer to persist and focus on the task to achieve the goals (Garris et al.,

2002).Within games, feedback can take many different forms. In many games,
failure to complete an objective leads to a “game over” message or frequently the

game character dying. Sometimes games allow the player to monitor progress
toward game goals in the form of percentages or counts. In educational games,

the feedback can take the form of a right/wrong assessment. Feedback can also
provide students with right/wrong assessment and it can assist students in error

comprehension (Bottino et al., 2007).
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“Instructive feedback,” which provides more than a right/wrong response

(i.e., tips or guidance for how to improve performance), can lead to reflective

learning (Ke, 2008). Tips can show players how to proceed or make the next

move (Bottino et al., 2007) which can help players avoid frustration. These types
of prompts and feedback can also help students use more efficient strategies and

coordinate their resources and tasks (Azevedo, 2005).
“Constructive feedback” can assist in the cognitive process of
backtracking, i.e., the ability to review and evaluate previous material, which is
essential for the player to move from the simple to complex concepts and skills

(Gros, 2002). This supports the cognitive processes of anticipation and the
formulation of hypotheses (Bottino et al., 2007).

Progression of Difficulty

An optimal level of challenge is an important aspect in both intrinsic

motivation (Malone & Lepper, 1987) and in flow theory (Csikszentmihaiyi, 1990).
If a challenge is either too easy or too hard, flow and motivation will be disrupted.

When students see a challenge as within their skill level, they put more effort into
the game-based learning (Ke, 2008) and they experience a boost to their selfesteem (Malone & Lepper, 1987). Having an optimal difficulty level means that

the activity meets the student’s abilities and therefore aids in the construction of

more complex strategies (Bottino et al., 2007). This is consistent with the concept
of the Zone of Proximal Development, which refers to the idea that children learn
best in the zone between mastery and frustration (Vygotsky, 1978).
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Many video games allow the player to choose the difficulty on which to
play the game, usually ranging from beginner to expert. Most video games are

also designed to start out easy and gradually get more challenging. According to
McFarlane et al. (2002), teachers value games with progression of difficulty more

highly so that students of different abilities can play at different levels of difficulty

which keeps them more interested in the challenge than simply attaining
immediate success. Keeping students at their optimal level of challenge needs to

include the ability to save and restart later so that no progress is lost, and
students do not have to spend time recovering material that is no longer a
challenge to them (McFarlane et al., 2002).

Fantasy
Part of what makes video games powerful as motivational tools is the
fantasy setting. Fantasy refers to anything that puts the material into any context.

For example, students using a program that has them answer math questions is

not fantasy. When every right answer results in the destruction of an enemy or
the advancement of a character, however, the program is using fantasy. Fantasy
allows players to disconnect from reality and lose themselves in the game. When
users become immersed in the game activity, they exhibit a greater focus of
attention and self-absorption. This immersion can create a state of flow

(Csikszentmihalyi, 1990) which adds to the enjoyment of the activity and
therefore the learning experience. If the fantasy is interesting, the content

becomes more interesting (Garris et al., 2002).
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Fantasy can satisfy emotional needs by allowing vicarious experiences.

Having an emotional investment increases intrinsic motivation (Malone & Lepper,
1987). This emotional investment occurs most when the player can identify with

the character. This is usually achieved when the character is the same age
and/or gender of the player, and when the character’s personality traits and goals
- resonate with the player (Malone & Lepper, 1987).
Fantasy can provide a context for learning material, giving the players

metaphors and analogies that can relate new information to previous knowledge.
The use of fantasy may also improve memory of the material by evoking vivid

images related to the material (Malone & Lepper, 1987). Putting learning material
into a context that resonates with students can help with teaching exercises and

- increase learning (Kamii & Housman, 2000).
Fantasy in games can exist in two forms: exogenous and endogenous. In

exogenous fantasy, the fantasy setting is overlaid on the learning content, e.g.,
doing equations and causing a character to move. In endogenous fantasy, the
fantasy is related to the learning content, e.g., learning about physics by piloting
a spaceship. While both improve learning content, endogenous fantasy is more

effective for motivation (Garris et al., 2002) and for the interest and education of
the player (Malone & Lepper, 1987).

Learning Within Gameplay
For educational games to be most effective; the learning content needs to

be embedded within the gameplay rather than existing outside of it. Learning
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outside of gameplay means that the game is interrupted for the sake of learning
content, such as a question that pauses the game until it is answered. When

learning interrupts the game, it disrupts the flow of the player, leading to a
decrease in motivation (Jones, 1998) which causes players to be less engaged
and persistent (Ke, 2008). Therefore, instructional content contained within the

game produces higher levels of interest and better learning of the instructional
content (Malone & Lepper, 1987).

Therefore, learning should be integrated into the game, making the game
and educational components impossible to separate. As such, guessing should

not be part of the gameplay. If a question has multiple choice answers, for
example, players feel no real need to think about the answer. Instead, the player

- usually wants to guess as quickly as possible so that gameplay resumes.
According to Ke (2008), when guessing can work with no consequence,

gameplay goals become more important than the learning goals, leading to
random clicking. One way to correct this would be to score the proportion of
questions attempted to questions answered correctly versus just scoring number

of correct answers. The best solution, however, is to fully integrate the learning

content so that guessing would interfere with gaming goals.

Opportunity for Children to Collaborate
Competition, cooperation, and recognition are powerful parts of motivation

(Malone & Lepper, 1987). Collaboration in learning is important in the
construction of knowledge in a social setting (Gros, 2002). Educational video
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games can be more effective when they include the option for children to
collaborate. When students play a game together, they discuss strategies and

work together for the same goal. Teachers see the opportunities for peer
collaboration as one of the greatest benefits of using games in the classroom
(Egenfeldt-Nielsen, 2005; McFarlane et al., 2002).

Games can also be designed with collaboration in mind. Tuzun et al.

(2009), for example, designed a geography video game that was meant to be
played over a network. In this game, students’ avatars, which are the game
characters that the children control, could interact with each other and combine

resources in order to solve clues and achieve game goals. The game was
successful, improving students’ geography scores and even inspiring the
students to continue playing the game even after the study had concluded

(Tuzun et al., 2009).

Teacher Involvement
When used in classrooms, computer games should not be treated as

stand-alone tools. The teacher plays an essential role in how successfully
computers are integrated into the school environment (Finnegan & Austin, 2002).

When an adult is present, children are more attentive, more interested, and

experience less frustration (Clements, 2002).
Teachers need to be actively engaged in the computer process, not just
passive participants. In environments where teachers only give passive

supervision, such as ensuring that children are taking turns and not exceeding
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their time limits, children are likely to show more frustration and disengagement
while at the computer (Plowman & Stephen, 2005).

Best practices suggest that teachers should play the role of facilitator,
scaffolding their students through computer activities (Tsui & Treagust, 2003).

Teachers should monitor children’s use of software and offer guidance (Gimbert
& Cristol, 2004), pointing out salient characteristics of the software and leading

children to think more deeply about the activity. Children who have teacher

scaffolding plan more, work collaboratively, explain strategies, and complete
tasks more efficiently (Clements, 2002). As part of scaffolding, teachers should

engage in collaborative problem-solving with the child (McCarrick & Li, 2007).

Scaffolding a child through problem-solving, without doing it for them, prevents
frustration and boosts the child’s confidence (Chang, 2001). Studies also show

that young children who use computers who had teacher mediation had stronger
gains in cognitive abilities such as vocabulary, abstract thinking, planning,

kindergarten readiness skills, and visuo-motor coordination than children without

teacher mediation (Nir-Gai & Klein, 2004; Primavera, Wiederlight, & DiGiacomo,
2001).

Computer software is capable of providing scaffolding similar to what

teachers would provide in traditional activities, which may explain why computers
are effective. For example, in a study by Shute and Miksad (1997), there was no

difference in cognitive gains when computers were used compared to traditional
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teaching methods when the level of scaffolding was controlled, suggesting the

scaffolding is responsible for the cognitive gains, not the software itself.

Gender Differences in Game Preferences

Even though the features that make a good educational game apply to
both boys and girls, there are gender differences in game style and story

preferences. These differences can make games more or less appealing,
depending on gender preference. Games that are more appealing lead to greater

engagement, thereby maximizing the benefits of the game. Therefore, gender
differences in game preferences cannot be overlooked.

Video games are largely preferred by and marketed to boys. Sixty percent

of game players in the United States are male (ESA, 2009). According to
McFarlane et al. (2002), boys are twice as likely as girls to report daily game
playing. Boys are also twice as likely as girls to play for more than two hours at a

time, in 2004, 49% of children had a video game system in their bedroom (63%
of boys and 33% of girls). Sixty-eight percent of boys reportedly play every day

with 41% playing more than an hour. In contrast, 51% of girls reportedly play
every day with only 18% playing more than an hour (Roberts et al., 2005).

These statistics reflect the fact that boys are more likely to play and desire

video games. Most games reflect this preference by using themes and
characters that are more likely to appeal to boys than girls. For example, games
usually emphasize winning, scoring points, and performing feats with speed and

accuracy (Brunner, Bennett, & Honey, 1998), and the large majority of games
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have a male protagonist. When female characters are included in the game
design, either as the lead or a supporting role, they usually have unrealistic

physical attributes designed to appeal to the male gender (Subrahmanyam &
Greenfield, 1998). These qualities in games are why games as a whole are
generally more appealing to males, whether or not that is the goal of the
designer.

Girls report stress when playing games that are primarily violent, e.g.,

games that use shooting or fighting to achieve goals, whereas boys report stress
when playing a game that lacks those themes of aggression (Subrahmanyam &
Greenfield, 1998). Girls prefer verbal feedback and cooperative narratives,

whereas boys prefer graphic, non-verbal feedback (Subrahmanyam &
Greenfield, 1998); Girls also favor non-violent feedback (Kafai, 1998), such as

returning to a previous location versus having a character die and displaying a

“game over” message.
When given the option to design their own game, boys create good vs. evil

scenarios with evil villains to conquer, treasures to be found, and enemies to be

fought. Girls, by contrast, create games with few, if any, evil characters or good
vs. evil themes (Kafai, 1998). Action in their games tends to come more from the
overcoming of obstacles.

Girls usually prefer realistic situations and settings while boys tend to
prefer fantasy settings (Brunner et al., 1998; Kafai, 1998; Subrahmanyam &
Greenfield, 1998). Boys prefer fantasy where they are able to increase their
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character’s skills and strength in order to defeat enemies. Most modern games fit
this description with settings that vary from ancient fantasy to futuristic science to

parallel universes. Games that are like an electronic doll house are more
attractive to girls (Brunner et al., 1998); i.e., characters, situations, objects, and

settings are customizable. A modern game that is the epitome of this is Maxis’s
The Sims. These findings should not be misconstrued to imply that girls do not
like action in their video games. Instead, they prefer action that does not involve

violence but rather problem solving and an emphasis on cooperation over
competition (Subrahmanyam & Greenfield, 1998). Both boys and girls like

adventure games (Kafai, 1998), which are characterized by exploration and task

completion. While boys are usually satisfied to solve puzzles in order to
accumulate more points, girls prefer puzzles and tasks that are integral to the

story (Brunner et al., 1998).

Video Games and Math Skills
How Children Learn Mathematics

In the course of their education, children are expected to develop

mathematical competence, a large part of which is computational fluency.
Computational fluency includes three separate ideas: efficiency, accuracy, and

flexibility (Russell, 2000). Efficiency implies that the student has the ability to
choose and execute the most efficient strategies for a problem without losing

track of steps or logic. Accuracy involves answering the problems correctly.
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Flexibility is the knowledge of multiple strategies and being able to choose the
appropriate strategy for the problem at hand (Russell, 2000).

In order to achieve computational fluency, children must develop more
efficient strategies. Strategy development depends on experience, brain

development, and conceptual understanding (Carr & Hettinger, 2003). Children

begin with counting strategies, using fingers or physical counters, and then they
move to verbal counting, which is using language alone instead of with physical
tools. The next stage is mental-based strategies, where children can utilize
decomposition and retrieval (Geary & Hoard, 2005). These stages can also be

classified as counting strategies, reasoning strategies, and mastery (Baroody,
2006). For addition and subtraction, the mental strategies don’t develop until
about the third grade. For multiplication and subtraction, retrieval usually doesn’t

emerge until middle school (Carr & Hettinger, 2003).
Practicing these strategies allows children to become more fluent and

flexible in mathematical problem solving, which allows them to solve problems in
less time with higher accuracy. Effective problem solvers are able to use a

variety of strategies, depending on the type of problem presented. If a child does

not feel confident about a problem, they will resort to earlier strategies (Geary &
Hoard, 2005).

Brownell (1947) speaks about the importance of teaching meaningful

arithmetic. By this he means that arithmetic should be taught to children with the
intention of having them understand mathematical relationships, principles, and '
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the meaning of the fundamental operations. Without these meanings to hold the
ideas together, children will quickly forget skills that are taught through rote

memorization, and they will not be able to apply skills to new situations (Baroody,

2006; Brownell, 1947). These views fit into the constructivist perspective which
states that children have to actively build their own mathematical understanding

before being taught procedures and algorithms (Behrend, 2001; Brownell, 1947;

Copeland, 1984; Kamii & Housman, 2000). Children construct this knowledge
through experimentation and observation, moving back and forth through

practice and understanding by challenging and reforming schemas (Carr &
Hettinger, 2002; Piaget, 1965; Pirie & Kieren, 1994).

Teaching strategies which use the constructivist perspective attempt to
integrate procedural and conceptual knowledge. This perspective strives to let
students develop their own strategies before teaching them formal procedures,
e.g., students using addition strategies to solve multiplication problems before

being taught the procedures of multiplying (Baroody, 2006; Behrend, 2001;
Hartweg & Heisler, 2007; Kamil & Housman, 2000). By giving students a context

for mathematical problems, teachers encourage student motivation and
engagement, as well as giving the students a way to form meaning and learn

applications of mathematical principles (Copeland, 1984; Hartweg & Heisler,

2007; Whitenack et al., 2001). When students have a conceptual understanding
of mathematical concepts, they are able to recognize the reasons for the formal
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procedures, and they are able to apply their knowledge to a variety of new

situations and problems, increasing their computational fluency.
Gender Differences in Mathematics
According to the Trends in Mathematics and Science Study (TIMSS), girls
at the fourth grade level in the United States perform significantly lower than boys

on a measure of mathematics achievement. At the eighth grade level, girls still
perform lower than boys, but not significantly so (Mullis et al., 2008).

According to Mullis et al. (2008), at the fourth grade level, boys outperform
girls in the cognitive domain of number, but not in geometric shapes and

measures or data display. Boys are better than girls at knowing and applying

mathematical content, but they are not better at reasoning (Mullis et al., 2008).
In the United States, more boys than girls have high self-confidence in
learning mathematics at the fourth and eighth grade level. In addition, more girls
than boys have a low self-confidence in learning mathematics (Mullis et al.,

2008).
Math Learning with Video Games

Many educational computer and video games are designed to let students

practice math skills, from the preschool to the college level. These games can
provide a “context” for the learning of math skills (as opposed to learning math
through isolated problems in a book or worksheet). “Context” can be as simple as

a word problem or as elaborate as a scenario such as running an ice cream shop

or trying to save the galaxy from an evil villain. The use of context has been
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shown to enhance achievement in early mathematics (Elliott & Hall, 1997; Rosas

et al., 2003); this corresponds with constructivist approaches to teaching

mathematics which suggest that when math is put into context, children can
better understand the concepts (Kamii & Housman 2000). This is better than
when students are taught using “traditional” teaching methods of memorization,

including drill and practice (Baroody, 2006; Behrend, 2001) and commonly
including worksheets with list of equations, flash cards, or math games in which
children give the answers to math equations as quickly as possible.
Video games can provide students with a chance to practice their

developing mathematics concepts and strategies. Practicing the strategies allows
children to become more fluent and flexible in mathematical problem solving,

which allows them to solve problems in less time with higher accuracy (Geary &
Hoard, 2005). By practicing with video games, children can gain confidence in

their strategy use and can improve performance both within and outside the
game environment. Unfortunately, most math video games are only reiterations
of the drill and practice method.

Studies also show that math video games have a positive influence on

students’ mathematics performance when compared to students who do not use

video games (Ke & Grabowski, 2007; Kebritchi et al., 2008; Laffey et al., 2003).
This improvement can be seen in both early elementary (Laffey et al., 2003) and

high school (Kebritchi et al., 2008). Ke (2008), however, found that computer

gaming had no effect on achievements in cognitive math skills, but this may have
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been due to a ceiling effect and low reliability in the metacognitive awareness
measure used in this particular study.
In addition to practice and skill development, the use of math video games
can improve students’ attitudes toward mathematics (Ke & Grabowski, 2007;

Lopez-Morteo & Lopez, 2007) by putting mathematics into a context of interest

for the students and increasing motivation. For example, Ke (2008) found that

after undergoing a math gaming program, students displayed significantly more
positive attitudes toward math learning.
Ke and Grabowski (2007) found no gender differences in the effect of

gameplay on math performance and attitudes. In a study measuring the use of

gaming on learning concepts of computer memory, boys scored higher than girls
on the pretest, showing a greater initial knowledge. The posttest, however,
showed no difference in scores (Papastergiou, 2009). This corresponds with

other research listed above that gender differences affect initial knowledge, not

the processes of learning. This also corresponds with the idea that computer

games may serve as a remedial measure, bringing people who scored lower
initially up to the same level as people who scored high initially.

Summary and Purpose of Study
Video games, which include computer games and console games, are

becoming more popular as learning tools both within and outside of the
classroom. They have been shown to have positive effects on cognitive
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processes such as visuo-spatial skills, visual attention, and reasoning abilities,
and can also improve academic skills in school participants. They can be used as

a context to advance learning or as alternative practice tools.

Video games have potential as a learning tool because of their high
motivational value. Good educational games that contain the elements of intrinsic

motivation and flow theory increase students’ engagement and motivation to

learn. More specifically, video games can help in mathematics because they
allow for the practice of strategies and rules. They can provide a context for

learning arithmetic as well as creating associations for students between the

mathematical rules and the conceptual meanings behind them. By providing a
desirable context for mathematics, video games can help students enjoy
practicing as well as improving their abilities and confidence.

While the research on video games in educational settings is mostly
positive, it is far from comprehensive. Most of the studies to date have small

samples and short time frames; therefore, any effects found could be only short

term. Longitudinal research needs to be conducted on classes that have used
video games consistently in their curriculum. Curiously, the majority of modern

video game research has been outside of the United States. With the differences
in culture and technology use, the educational benefits of video games could
vary by culture and/or country. Also, as technology continues to advance, new

research needs to be conducted. For example, research conducted in the early

stages of video game development, i.e., 1980-1995, may not apply to the more
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advanced technology of today. While researchers are finding what features of

video games make them more effective, these discoveries are mostly incidental
to the purpose of the study. The differences in video game effects may be

explained by the effectiveness of individual games.

While there are many problems research in this area described above, the

aim of the current study was to empirically examine whether a mathematics
computer game, Jumpstart Second Grade Math, could improve math
achievement of second grade students when used as a mathematics practice

method. This study compared the use of a math computer game to normal

classroom practices. The study also examined whether the computer game could
improve math attitudes of the children. The hypotheses of the study were as

follows:

H1: It was expected that children who used the mathematics video game

as their practice method would score higher on both teacher and student
measures of mathematical competence than the children who participated in
normal classroom activities.
H2: It was also expected that children who used the computer game would

have more positive attitudes toward mathematics when compared to the children

who participated in normal classroom activities.
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CHAPTER TWO

METHODS

Participants
This study used second graders who were in regular (vs. remedial)

education classes in Southern California. Two classrooms were used, giving a
total of 23 children, with approximately the same number of students in both

classes (12 and 11). The mean age of the participants was 6.91 years (SD =
0.51) and gender was approximately equal (boys = 12). The ethnicity of the

sample was 73.9% Hispanic, 13% African-American, 4.3% Caucasian, and 8.7%
other. The majority of participants spoke primarily English in their homes

(69.6%). The average number of adults per home was 2.52 (SD = 1.31) and the

average number of children per home was 3.52 (SD = 1.34). Over half of both

mothers (52.2 %) and fathers (56.5%) had not finished high school.
According to parent report, most participants had a computer in their home
(69.6%), but only 39.1% used the computers and 26.1% played educational

computer games. In addition, most participants have a video game console in the
home (82.6%); 56.5% who played “any” video games and 30.4% who played

educational video games.
Due to limited computers being available, only 9 children were randomly
assigned to the experimental group. The rest of the children were in the control

group.
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Measures and Procedure
Measures

Teacher Assessments of Child Math Ability. Teacher assessments of each

child’s math ability were collected using a modified Academic Competence
survey (Gresham & Elliott, 1990) (Appendix A). This measure contained five

questions about the child’s overall academic performance, performance in math,

overall motivation, and intellectual functioning. Questions on the original survey

that related to reading competence and parental encouragement were removed

as they were beyond the scope of this study. Each item was rated on a scale
from one to five, with one being the lowest. These scores were summed to

provide an academic competence score for each child. The Academic

Competence survey was collected before and after the study to measure how
and if each child’s performance in class had changed as perceived by the
teacher.
Child Math Assessment. In order to measure child math abilities,

curriculum-based measurement (CBM) as detailed by Shinn (2002) was used.
The CBM consisted of a three minute test based on the child’s math curriculum.

Questions were generated using a computer program that is included in the
school’s math textbook. A bank of approximately 200 questions was generated

using second grade math workbooks. The computer program created each test
by randomly choosing questions from the bank. Each test had approximately 25
questions. The children answered as many questions as they could in the three
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minute period. The test was then scored by the correct number of digits. For
instance, if the correct answer was 17 and the child answered 15, the score

would be one. Also, if the correct answer was 17 and the child answered 27, the
score would be one. The correct answer of 17 would earn a score of two. The

scores for each question were summed to create a total score for each test. This

form of testing is sensitive to short term effects and is designed to measure
change (Shinn, 2002). This was given three times a week, i.e., Monday,

Wednesday, and Friday, over the course of the six week study, resulting in

seventeen CBM scores. Some days were skipped due to school or national

holidays.
Child Mathematics Attitude Survey. An additional measure was used to

assess how each child felt about math, worksheets, and math computer games.

Created by the author, this Mathematics Attitude Survey (Appendix B) had five
questions measured on a 5-point Likert scale (1 = strongly disagree, 5 = strongly

agree). To aid in comprehension, each answer included the number, the text,
and a corresponding “smiley face” ranging from a deep frown to a big smile. The

Mathematics Attitude Survey was administered before and after the study.
Teacher Interview. After the study, the teachers involved were interviewed

about their teaching practices and views on mathematics instruction with both
worksheets and computer games. They were asked how they felt about
worksheets as an instructional tool. When questioned about the use of computer

games, they were asked about their comfort level with computers. They were
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also asked if they thought their instructional strategies would change if their
curriculum included the use of the computer software and how they felt about
computer software as an instructional tool. This was a dynamic interview, so the
prepared questions (Appendix C) changed somewhat during the course of the
interview.

Math Computer Game. The math computer game used in this study was

Jumpstart Math for 2nd Grade. In this game, the player controlled a cartoon frog
who has to save the royal family from an evil spell by solving math puzzles
throughout the castle. When puzzles were completed, a number of “bravery

points” were awarded to the player. The number of points awarded depended on
the difficulty setting at which the player completed the puzzle. The difficulty level

could be changed by the player at any time within each puzzle, and each puzzle

could be played as many times as desired. This allowed the player to increase
his or her score as well as attempt higher difficulty levels. When the player quit
the game, his or her progress was saved so that the game could continue at the

next session.

The math concepts addressed in the game included addition, subtraction,
multiplication, telling time, money value, fractions, geometry, problem solving,

word problems, and data analysis. These categories correspond to California
State Standards for second grade math as provided by the California Department

of Education (1999).
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Other features of the game included a map of the castle, a hint button if
the player needs help, in-game math lessons, and a progress report that could

be accessed at any time. The printable progress report displayed the different
math concepts addressed in the game and the percentage of successful

attempts in each concept.
JumpStart Math for 2nd Grade was chosen because it matched much of

the criteria of what makes a good educational computer game. It had goals and
subgoals in the form of the overall game goal, bravery points, and solving each
puzzle. Feedback existed within each math puzzle, indicating correct and
incorrect answers. The in-game progress report also provided feedback on the

player’s overall performance. Even though game difficulty did not automatically
increase, multiple difficulty levels were available, along with an incentive to

perform at higher difficulty levels. The setting and premise of the game created a

fantasy for the player, putting math problems and concepts into the context of a
plot. Learning within gameplay existed to a point. Math problems were embedded
into mini-games, but they still had the form of traditional math problems.

Guessing within gameplay could still be used as a strategy, but the game

provides enough rewards for correct answers that players are unlikely to use
guessing as a strategy.
This game also had features that should appeal to both boys and girls. For

boys, it featured a male protagonist, a fantasy setting, and a goal to defeat an
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evil creature. For girls, the game feedback was non-violent and the gameplay

centered mostly on exploration and task completion.

While JumpStart Math for 2nd Grade was considered to be a overall good
educational game, it also had some flaws. It contained no in-game tutorial to
guide the player through all of the features, so some assistance was required to

teach players how to maximize their experience with the game. The game also
contains no subtitles, so sound was required in order to play. In a computer lab

environment, it was unfeasible to have each computer loud enough for each
child, so headphones were provided for each player.

Demographics. Demographic information of the participants was collected
in the form of a questionnaire sent out to the parents (Appendix D). The

information requested included the number of adults and children in the home,
ethnicity, gender, and age of the participating child and parental education level.

It also asked for an estimate of how much experience the child has with
computer games and video games and how much of that experience is with

educational games.
Procedure
Before the study began, teachers completed a survey of academic

competence for each child in the study. Packets containing the Demographics
Questionnaire were sent home for parents to complete. In addition, the children
were given the Mathematics Attitude Survey. On the first day of the study,
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children were given their first CBM test to measure their initial level of

mathematics achievement.

During Study (6 weeks)
After Study
Mon Tues Wed Thurs
Fri
Demographic
CBM
CBM
CBM Teacher
Questionnaire
Interview
Mathematics
Mathematics
Attitude
Attitude
Survey
Survey
Academic
Academic
Competence
Competence
Figure 1. Time line of assessments
Measures
Collected

Before Study

The intention of the study was to compare the experimental math practice

method (i.e., the computer game) to the control practice method, which would be
the students’ normal mathematics routine. However, due to restrictions set by the

school, the only time available to use the computer game was during the school’s
“Enrichment Hour” which occurred at the end of every school day. During this
Enrichment Hour, students would either go to specialized classes based on their
specific needs, or they would remain in their normal classroom to engage in

various activities, e.g., arts and crafts. Students who had specific classes they
were required to go to were unable to be in the experimental group, so they were

assigned to the control group. The remaining children (those who remained in

their classroom) were randomly assigned to either the control or the experimental
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group by random draw. On Mondays, Wednesdays, and Fridays, during the

Enrichment Hour, students selected for the experimental group went to the

computer lab while students in the control group remained in their regular
classroom. Since the students in the control group either went to specialized

classes or remained in their own classroom, the control group received a variety
of subject matter while the experimental group received the mathematics
computer game.

Each computer session was approximately one hour on Monday,
Wednesday, and Friday, with exceptions made for school and national holidays.
These sessions continued for six weeks. An experimenter was present for each

session to provide technical support as well as answer questions about the

computer program and provide scaffolding for questions the students could not
answer alone. On most days, an assistant to the experimenter, who also helped

the students, was also present in the computer lab.
During the experimental period, the CBM tests were administered to the

children three times a week on the same days as the computer sessions. Each

test was different, but since they were created using the same question bank,
there were questions that appeared on multiple tests. Therefore, over the six

week period, each child concluded the study with 17 data points.
At the end of the experimental period, the children were given the

Mathematics Attitude survey again and the teachers were given the Academic
Competence Survey and interviewed about their impressions of the study.
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CHAPTER THREE
RESULTS

Analysis Screening
Data was screened at the individual level. A regression was run for each

subject, from which the standardized residuals and Mahalanobis’s distance were
used as a criteria for outliers. If the standardized residual was significant, that

data point was deleted. Also, if the distance was drastically different from the
other distances in a set, that data point was deleted. Fourteen data points were

excluded due to standardized residuals and two were excluded due to distance.

Missing data in the math assessments were analyzed using missing value
analysis in SPSS and found to be missing completely at random, which means

there was no underlying pattern in the missing data. Since missing data is not an
issue in growth curve analysis, no data substitution was made. However, missing

data in the demographics information (father’s education level, number of adults
in the home, and number of children in the home) would affect the analysis, so a

modal substitution was made.

Due to the small sample size and the lack of normality in the data, the
variables of amount of time spent playing computers and video game consoles,
both regular and educational, were dichotomized, meaning the child either played

games or did not play games.
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Chi-square tests were run to see if the groups (control and experimental)

varied by any of the demographics information collected. There was no
significant difference (p>0.05) due to gender, ethnicity, primary language in the

home, mother’s education level, or father’s education level. There was also no

significant difference in groups due to the computer and game console variables.
This means that the two groups of children were approximately equal.

Academic Competence
A repeated measures ANOVA was run on the pre- and post-tests of the

academic competence measure, i.e., the teacher’s view of each student’s

achievement. When the groups are collapsed, academic competence was

significant (p = 0.008) with a large effect size (q2 = 0.289). The difference
between groups was not significant (p = 0.473) but there was a small effect size

(q2 = 0.025), with the experimental group increasing more than the control group.
The interaction between group and academic competence was not significant (p

= 0.319), but there was a small to medium effect size (r|2 = 0.047), which means

that 5% of the variance is explained above and beyond looking at the main

effects of group and academic competence by themselves. These results can be

seen in Figure 2.
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Figure 2. Results of pre- and post-test of academic competence as rated by the

students’ teachers with the lines representing the difference between the
experimental group and the control group.

Growth Curve Analysis

HLM analysis showed that the intercept of the regression lines for the

math achievement score was significantly different from zero (p < 0.001), but
there was no significant difference between the groups on the intercepts (p =

0.71). In this case, the intercept represents the initial score on the test. Since
these participants were in second grade and already knew some math, it was

expected that they would not start at zero on the math achievement tests.
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The slope of the regression collapsed across groups (b = 0.53), which
represents how much the math achievement tests changed per test, was
significant (p < 0.001), but the groups were not significantly different from each

other (p = 0.136), which was expected due to the small sample size. However,
the slope of the experimental group was 0.24 more than the slope of the control
group, meaning that for each subsequent test, children in the experimental group

improved 0.24 on their score more than the control group. When examined over
a longer period of time, the difference between the groups increases. For
instance, on test 17, children in the experimental group increased 4 points more
than the control group. This indicates that there was an effect, even though the

slopes were not statistically significantly different from each other. Figure 3

shows these results.
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Figure 3. Change in math achievement over time with the lines representing the

experimental group and the control group.

The next analysis was to examine the effect of gender on the outcome.
There was no significant difference due to gender in the intercept (p = 0.46), but
there was a difference due to gender in the slope. While it did not reach statistical
significance (p > 0.05), the effect is still worth noting. The overall slope was 0.75,
and girls had a slope coefficient that was 0.27 less than boys, meaning that girls

showed less improvement in math scores over the course of the study than boys.
Figure 4 shows these results. When gender and group (control vs. experimental)
were included in the same analysis, gender appeared to have a larger influence

(p = 0.048) than group (p = 0.12).
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Figure 4. Change on math achievement over time with the lines representing

gender.

Next, HLM was used to investigate if previous computer and/or video

game experience influenced the results. There was no difference due to whether
or not there was a computer or video game console in the home, or whether or

not the child used the computer or played educational computer games. Whether

or not the student played educational video games at home also had no effect.
However, whether or not the child played video games at all appeared to have an
effect on the slope of the scores. The overall slope was 0.484, and the difference
due to the video game variable was 0.24. While not statistically significant (p =
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0.096), its practical significance was comparable, if not greater, to whether or not

the child was in the experimental group.

To further examine this effect, the participants were divided into four
groups: those who did not play video games either at school or at home (n = 7),

those who played at school but not at home (n = 3), those who played at home
but not at school (n = 7), and those who played both at school and at home (n =

6). Since these groups were on a dichotomous scales and not on an interval
scales, they could not be entered into a regression analysis simultaneously.
Therefore, they were analyzed in pairs, similar to post hoc analyses when
running an ANOVA. The first two groups analyzed were the two that were in the

experimental group, with the difference being whether or not they played video

games at home. HLM found no significant difference in the intercept (p - 0.952)
nor any significant difference in slope (p = 0.218). The overall slope was 0.52,
and the difference between the two groups was 0.37, with those who had video

game experience at home having a higher slope, indicating a large effect. This
means that the group that played at school and at home improved more on math
achievement than the group that played at school but not at home.

The second pair analyzed was the two in the control group, meaning it

was those who had no video game and those who only had video game
experience at home. HLM showed no significant difference on the intercept (p =
0.68) nor any significant difference on the slope (p = 0.42). The overall slope was

0.47, and the difference between the two slopes was 0.12, with those who had
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video game experience at home being higher, indicating little effect. This means
that there was little difference between the group that played games at home but

not at school and the group that did not play games either at school or at home.
The next pair examined consisted of the two extreme groups, i.e., those

who had video games both at school and at home and those who had neither.

HLM showed no significant difference in the intercept (p = 0.95), but there was a

significant difference in the slopes (p = 0.03). The overall slope was 0.47, and the
difference 0.43, with the group that had both being higher, indicating a very large

effect.
These results, as illustrated in Figure 5, indicate that the greatest

improvement on math score occurred in the students who played video games at
home and were part of the experimental group. All three of the other groups were
similar in math score improvement over the course of the study.
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Figure 5. Change in math achievement over time based on where and if the
students played video games.

Math Attitudes

A repeated measures ANOVA was run to look at the difference in math
attitudes between the experimental and control groups. When the groups were

collapsed, math attitudes was significant (p = 0.003) with a large effect size (q2 =
0.355). The group differences were not significant (p = 0.242), but there was a

moderate effect size (q2 = 0.065). The interaction between math attitudes and
group was not significant (p = 0.283), but there was a moderate effect size (q2 =

0.055). This means that 5.5% of additional variance was explained after
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accounting for the main effects taken individually. These results can be seen in
Figure 6.

Figure 6. Pre- and post-test results of math attitudes with the lines representing

the experimental group and the control group.

Repeated measures ANOVA was used to examine at the change in math
attitude due to gender. There was no significant difference (p = 0.200) due to

gender, but there was a medium effect size (q2 = 0.081). Girls scored higher on
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the initial attitude measure, but both genders ended at the same place, indicating

that boys’ attitudes increased more than girls’ attitudes as shown in Figure 7.

Figure 7. Pre- and post-test results in math attitudes with the lines representing

gender.
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Teacher Interviews
The interview questions and paraphrased responses of the two teachers

involved in the study are presented in Table 1. For privacy, the teachers are
referred to by number only.

As Table 1 shows, both teachers expressed a dislike for mathematics and
therefore did not feel completely confident teaching it. Teacher 1 believed that
the traditional methods of worksheets and workbooks were good tools, but she
emphasized the use of additional drill and practice as well as strict adherence to

the rules of mathematics, e.g., borrowing and regrouping. Teacher 2 said that the
traditional methods were not the ideal method for teaching conceptual knowledge

of mathematics, but they were good tools to prepare the students for
standardized tests. Both acknowledged the importance of technology and

expressed a desire to see it used more frequently in the classroom environment.
They also both thought that their students responded positively to the computer

experience and could see a use for computer games in the curriculum.
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Table 1.

Teacher Interview Summation

Question

How do you feel
about math?

How do you feel
about teaching
math?

Teacher 2

Teacher 1

I have never liked math, and I don't
Math has always been my
weakness. I don’t want to teach
like teaching it. As I get more
experience, however, I enjoy it
math in higher grades because I
don’t think I could be very effective
more and more.
or “maybe I’m just insecure.”
I think that people who are good at
math are “the brilliant ones.” I
admire them because it is so
difficult for me.

Unlike in reading and language
where l feel “so at home,” I feel
that I have to study to prepare to
teach math, especially for the
higher grades.

How do you feel
They are a good tool, but I put in a
lot of input and “I do have a lot of
about the practice
drill.” I make the students show
methods provided for
their work so I know they are doing
you, e.g.,
workbooks? How do
things correctly, such as with
borrowing in subtraction. “I always
you teach using
want numbers to be written
these materials?
correctly. I always want the
alignment correct. I'm very strict
with all those things.” I feel my
students are good at math
because of all the drill I have them
do. Because I’m not very good with
math, I try to “just follow the things
that are in the math books.”
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I feel I am more effective teaching
some standards than other. For
instance, in place value, I feel
completely ineffective, but in
addition with regrouping, I feel very
successful.

The math series we are using this
year in better than the ones in the
past, but I feel the students aren’t
getting enough practice with the
more difficult standards, such as
place value. Also, it would be better
if the workbook material “spiraled,”
meaning that material continues to
be revisited. I don’t think
worksheets are the ideal method to
practice math, but they are best for
preparing for the tests. Using other
methods such as manipulatives or
the computer make give the
students better knowledge of math,
but it would make it harder for them
to “translate that knowledge onto a
test.” It's all about the standardized
tests here, because we have to get
a certain score.

Question
How do you feel
about computers, in
general and as a
learning tool?

Teacher 1

Teacher 2

I’m not very good with computers
I don’t like the computers here
and technology, but I admire
because they’re old and don’t
people who are. I’m just not
always work. If they were working, I
interested in those things. I think
would love to make use of them
computers are a very valuable
because “the kids would love it.”
learning tool, especially with math.
I’m comfortable using technology
A computer can't replace a good
and I use it show the children
teacher, but computers could be
things, but they just don’t get the
helpful. They make children more
hands on experience with “these
interested. I wish I was better with
dinosaurs.”
computers for the sake of my
students.

If possible, would you
“Of course.” I believe it’s very
incorporate
important for children to learn
computers into your
computers. A teacher is good but
classroom?
would be even better with the help
of computers, at least for those
who know how to use computers
properly.

I would definitely incorporate them.
They would be great for “early
finishers," and the students who
are struggling could use them to
get more practice on the drills.
“That would be awesome."

How would your
teaching strategies
change if you used
computers?

I don’t know how my strategies
would change. I’ve never had
computers, so it’s hard to imagine.
It would be nice for each student to
have a computer, because they
would have the ability to respond,
and I could see their response right
away. I would really like to use
those devices that have the instant
student response, so I could get a
percentage of “those who are
getting it," so I would know if I was
being effective or not.

I think my strategies would change.
I would be faster because I
wouldn’t have to take the time to
write everything. I could also use
the computer to “have more
beautiful examples.” Most
importantly, “it would become more
interesting for the kids. It makes a
heck of a difference.”

How do you think the
They had a positive experience.
students who used
They were always eager to go. The
the computers
ones who didn’t get to go were
responded to the
jealous.
experience?

Do you think that
computer games can
be a learning tool?

“Of course.” It is something that
would really add to their interest.
The ones who got to go play the
computer game were very lucky,
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They were always very excited to
go use the computers.

The kids would look at it more as a
game than learning. School doesn’t
seem to be as important to children
in this [low SES] area than it is in
other places, so anything that
would motivate them would be
good.

Question
How do you feel
about this study?

Teacher 1

Teacher 2

I’m very glad this study is being
done. I expect the results will help
children become more successful.
I just wish you could have used
more students.

I’m excited about this study. I like
"anything to show that we need to
get the technology that these kids
are used to on an everyday basis”
and incorporate it into the
classroom. There’s no way
teachers can compete with TV and
video games that the kids are
exposed to all the time. “They need
something that is high interest, fast
paced,” like they’re used to in order
to draw them in.

(Personal communication with Teachers 1 and 2, October 2010.)
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CHAPTER FOUR
DISCUSSION

Overall, the results of this study partially supported the hypotheses that

math computer games would improve math performance and would improve
math attitudes.

Hypothesis 1: Video Games and Math Performance
The first hypothesis, i.e., that the math computer games would improve
mathematics performance, as measured by teachers and the curriculum based

measurement (CBM) math assessment, was partially supported. Although the
results failed to reach statistical significance, there appeared to be some practical

significance for each measure. In the teacher assessment of academic

competence, the students who used the computer games improved more than

the students who did not use the computer program. This corresponds with the
findings of Pillay (2003) and Barlett et al. (2009), which stated that video games
can improve cognitive abilities and functioning, and also with the findings that

video games can improve reasoning abilities (Bottino et al., 2007; McFarlane et
al., 2002). These studies support the idea that cognitive benefits emerge as a

result of practicing the cognitive skills required for success within the game. In
line with these studies, the computer game used in the current study had the

students practicing math skills as well as reasoning skills which are both part of
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the academic competence measure. The current study supports previous studies
that stated video games provide students with an enjoyable way to practice skills
which can then be applied to other areas, such as academic performance.
The expectation that playing the computer game would improve math

performance was also partially supported by the results of the CBM (i.e., the daily
math test). Even though both groups improved significantly, suggesting that

traditional teaching practices alone lead to increased math achievement,

students in the experimental group improved more than students in the control
group on the CBM over the course of the 17 assessments. The difference

between the groups was not significant, but this was not unexpected due to the

small sample size and the short time span of the study. There are a number of
factors which, when combined, could explain why the students who used a

computer game in previous studies (as well as the current study) performed
better on the measures of mathematics achievement. The results of the current
study correspond with previous findings of video games having a positive

influence on math performance (Ke & Grabowski, 2007; Kebritchi et al., 2008;

Laffey et al., 2003), perhaps due to video games providing an environment for
the students to practice math skills, which could lead to an increase in speed and

accuracy when solving the math problems (Geary & Hoard, 2005). Aside from
the additional practice, the use of a video game also increased the students’

engagement which, in turn, could lead to the better absorption and retention of
the material. The games in these studies also provided a context for the
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mathematics material, which has also been shown to increase achievement
(Elliott & Hall, 1997; Rosas et al., 2003).

According to previous studies, boys have more video game experience
than girls (ESA, 2009; McFarlane et al., 2002; Roberts et al., 2005) but the

benefits of playing video games apply to both genders (e.g., Greenfield et al.,
1994a). In the current study, however, girls improved less on the measure of

mathematics achievement than boys. In addition, gender appeared to have a

greater influence on math achievement improvement than the experimental
grouping. In other words, when taken together, gender appeared to be a better

predictor of math improvement than whether or not the students used the

computer game. These findings correspond with previous studies which show
that girls do not perform as well as boys on math assessments (Mullis et al.,

2008). The findings of this study contrast, however, with the study by Ke and
Grabowski (2007) which found no gender differences in math performance due to

video games. The fact that these results found no initial differences in gender,

but rather the differences appeared over time, contrasts with previous research
that suggested that gender differences occur more in initial knowledge rather
than in the processes of learning or the improvements in skill (Greenfield et al.,
1994a; Papastergiou, 2009). The reason for this difference may be partially

explained by the fact that more boys than girls in this sample played video games
at home. Another factor may be that the nature of the game made it more
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appealing and/or effective for boys. Due to the small sample size, however, it is

difficult to conjecture why the current study disagrees with previous studies.
Previous video game experience also appeared to have an impact on the
effectiveness of the computer game. Students who played games at home and at

school showed greater improvement on the math achievement measure than
students who played at school only, home only, and at neither. This agrees with

Pillay (2003), who found that students who played recreational games performed
better on educational video games. This may be related to the findings that

people who play video games tend to prefer graphical representations of content

compared to other representations, e.g., verbal representations (Greenfield et al.,
1994a), and by creating the schemas of cognitive processes necessary for
successful and efficient game play (Pillay, 2003). The findings of the current

study reinforced this idea as there is some evidence to suggest that students

who played recreational video games at home were best able to benefit from the

educational computer game presented in this study. These results should be
interpreted with caution since dividing the students into groups regarding home

video game play took an already small sample and divided it into even smaller
groups. Therefore, the results could be sample specific.
The findings for the academic competence measure contain a few

caveats. The sample was small and at the time the first measure was completed
by the teachers, classes had just begun for the school year. This means that

changes in the teachers’ perceptions of students’ academic competence over the
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course of six weeks may have had something to do with more experience with

the students than solely the effects of the computer game. Even with the cautions
explained above, however, the results of the academic competence survey

suggest that the teachers saw an improvement in academic competence in the
students involved in the study, especially those in the experimental group.

One caution about the overall results is that the students in the
experimental group received scaffolding and individual attention from the
researchers in order to help them progress through the game. Previous studies

by Clements (2002), Nir-Gai and Klein (2004), Primavera et al. (2001), and Shute
and Miksad (1997) suggest that teacher scaffolding may have more to do with

student success than computer play alone. This could mean that the greater
improvement by the experimental group might have been more due to the

scaffolding provided by the researchers than by playing the computer game, or

perhaps to some combination thereof.
Not being able to have the experimental group play the computer game for

an hour a day as planned may have diminished the possible effect. More
exposure to the game would have meant more practice and familiarity with the

mathematics material that is crucial to achieving mastery (Carr & Hettinger,

2002). The additional practice may have resulted in a greater improvement on
the CBM test scores.
Testing effect may also have been an issue in these results. Since the

tests were generated from a bank of only 200 questions, many questions were
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repeated on subsequent tests. The styles of questions were also similar, which

means that learning how to solve one problem could make it easier to solve
similar problems on future tests. Testing effect could explain why both groups

improved. However, since the experimental group improved more than the
control group, the results still indicate an effect due to the treatment that exceeds
any possible testing effect.

Hypothesis 2: Math Attitudes

Hypothesis .2, which stated that the use of a math video game would
improve math attitudes, was partially supported: the results suggested an
improvement in math attitudes when exposed to the experimental treatment. The
experimental group started with lower scores on the Mathematics Attitude

measure than the control group, but both groups improved, completing the study
with approximately the same scores. The results were not statistically significant,
but the effect size was medium. This corresponds with of previous state that

state video games can improve engagement and interest in the educational
content (e.g., Papastergiou, 2009; Katsionis & Manos, 2005). Video games

improve engagement and interest because they put information into a fantasy

context. The more the player relates to and likes the fantasy context, the more
engaged they become in the game play. Playing video games could result in

entering into a state of flow in which immersion and intrinsic motivation are
heightened. The results of the current study also correspond with research
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specifically regarding math attitudes (Ke & Grabowski, 2007; Lopez-Morteo &
Lopez, 2007), which found that video games improved attitudes toward

mathematics. This is most likely due to the appeal of the game and the context it
provides. By playing video games that contain educational content, interest in the
content increases. Also, once educational content is put into a context, it

becomes more easily understood and remembered. By practicing specific skills,

e.g., addition, students also experience an increase in confidence regarding

those skills, which could lead to better attitudes toward the material.
Although not significant, the results also indicated that girls started the
study with higher math attitude scores than boys, but both genders scored the

same at the end of the study. This means that boys’ math attitudes increased

more than girls’ over the course of the study. The initial gender difference
conflicts with previous research which found that boys have better attitudes and

self-confidence in math than girls (Mullis et al., 2008). The fact that boys’
attitudes in this study increased more than girls’ also conflicts with Ke and

Grabowski, (2007) who found no gender differences in math attitudes due to

gameplay. These results could be due to boys responding more positively than
girls to the use of the computer game which was also reflected in the gender
differences in math achievement. Since these results reflect both the
experimental and control groups, however, the changes in attitudes here cannot

be directly tied to the use of the computer game but possibly could be attributed
to daily math exposure instead. In addition, the gender differences were not
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statistically significant, so it is possible that the differences here are sample

specific.
Due to the small sample size and the fact that the math attitudes measure
was invented for use in this study and had no pilot testing to establish validity,

further research needs to be done before conclusions can be drawn.

While administering this math attitudes measure to the students, the

researcher made several observations that indicate the measure may have been
developmentally inappropriate for this age group of children. The measure was

administered to small groups, with the items being read out loud. It appeared that
the children in the groups thought that a higher score was somehow better,
because they were comparing score to their peers, making comments such as:

“You got a 25? So did I.” It is possible that the children did not understand the
Likert scale, even with the visual aids provided, because it sometimes appeared

that they were randomly choosing an answer. The results from this measure
should therefore be looked at with caution as the validity of the measure was

never established.
The teacher interviews provided insight into how these teachers view math

and computers in the school curriculum. Both teachers admitted to not liking
math, and therefore not feeling completely confident in teaching it. They

acknowledged the use of drill and practice, both because it is easier to teach
math that way and because they are trying to prepare the students for

standardized tests. This is an important issue as the methods these teachers use
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rely heavily on rules, e.g., number alignment, and drill and practice. The

teachers’ practices and beliefs, however, go against recommendations by
Baroody (2006) and Brownell (1947) because these practices do not lead to
conceptual understanding or the retention of material. Teacher 2 acknowledged

that other practice methods would lead to more complete understanding of math,
but she was restricted in her methods due to the importance of standardized
tests. Even when contemplating the use of computers, both teachers saw their

use as an extension of their current practices: Teacher 1 said she would use
them for examples while Teacher 2 said she would use them to track students’
responses and let the students practice their drills. This indicates that computers

alone would not change teaching practices, but rather they would be

incorporated into the existing philosophy of mathematics instruction.

Even though one teacher was comfortable using technology and one was
not, they both saw the need for more technology in the classroom and wished
they could have more access to computers for their students. Both teachers

believed that it is important for children to be able to use technology in the

classroom that they are exposed to every day at home. Gros (2002) similarly
remarked that classroom instruction should include technology in order to help
meet the demands of modern society. This was especially relevant for these

teachers because the school was located in a low socio-economic-status (SES)
area of the city. Low SES children generally have less access to technology,

making it all the more important that they receive access at school.
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Both teachers acknowledged that the primary appeal of computers is that

the children would be excited to use them. This corresponds with previous

findings of interviews with teachers (Egenfeldt-Nielsen, 2005; Kebritchi et al.,

2008) who stated that the use of games appeared to improve students’
motivation. The teachers in this study thought that computers and video games
would be valuable assets in the classroom, especially for math, and they were

excited about the research being done to help support the idea of computers in
the curriculum.

Limitations of the Study
This study had several limitations that influence the interpretation of the

results. The primary limitation of this study was the small sample size, which
limits external and internal validity. In addition to being small, the sample was

largely homogeneous, with the majority of students being Hispanic and low SES.

Therefore, it is difficult to generalize the results of this study to other
demographics, diminishing the external validity.
Due to the structure of the school curriculum, it was impossible to monitor
the activities of the control group. Therefore, it is unknown if the control group

was receiving math practice or not. The intention of the study was to compare a

computer game to other practice methods, but due to the circumstances, the
study more accurately examined the effectiveness of additional math practice. It
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is therefore difficult to say that the increased math achievement was due
specifically to the computer game or rather additional math practice in general.

Another limitation of this study was the short time frame. The primary
measure, CBM, is meant to be taken over time; the six weeks used in this study

was the bare minimum. The time spent on the computer was also too short. An
hour was allocated three days a week, but the transition of the students between

the classroom and computer lab, as well as any computer problems that

sporadically occurred, limited the computer time even more. These factors
together may have limited the possible impact of the computer game.
Another issue was attendance of the children in the study, as well as

school logistics that sometimes kept a student from participating on certain days.
With the sample already being too small, absentees in the experimental group
were especially harmful to the validity of the study. Some students in the

experimental group got significantly less time on the computers than other

students, possibly impacting their test scores and thereby the results of this

study. A longer time frame and larger sample would have negated much of the
problems due to absenteeism.
Problems with the measures could also be limitations to this study. The

CBM tests were taken from a bank of 200 questions, which was not enough to
generate a unique test every time it was administered. A bigger bank of
questions would be preferable, to minimize any change due to testing effect

Also, as mentioned above, the measure meant to capture mathematics attitudes
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appeared to be flawed. It was not pilot tested and the children did not seem to

fully comprehend it. Therefore, the results of this measure are suspect and
should be interpreted with caution. Most likely, the design of the measure was
developmentally inappropriate and another method should have been used to

assess the students' feelings toward math.

Directions for Future Research

The results of this study indicate some directions for future research. The
results of this study indicated that the experimental group did progressively better

on the math achievement tests than the control group. Therefore, a longer time
frame might show more significant results, as benefits may take time to fully

manifest. Also, this study looked at the use of math computer games in addition
to normal math curriculum. Future research should look at computer games as a
replacement of some aspects of the mathematics curriculum, to see how they

compare to more traditional methods.
Perhaps the most interesting result from this study was that the only group

that seemed to benefit from the computer games was students who played
recreational games at home. This “priming” effect should be investigated further
to determine what it is about home game play that allows students to benefit

more from game play at school.
Also, this study only used one math computer game. Therefore, it could be
argued that it was testing the effect of that game, not computer games in general.
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Future studies should use multiple titles to get more information regarding the
effectiveness of computer games as a whole as well as isolating which games
and which features are more effective.

Finally, it is possible that the results of this study were due more to the

individual attention and scaffolding the students in the experimental group
received than the use of the computer game. Future studies should look at the
effects of scaffolding and game play to see if games can be effective on their

own or if teacher interaction and assistance is a vital component.

Conclusion
Video games have consistently been shown to be a powerful tool for a

multitude of educational arenas, including mathematics. In the current study,

students who used a computer game to get additional math practice aside from

the normal classroom experience improved more on measures of mathematics
achievement and attitudes than students who did not receive the computer
game, lending support to the idea that video games can improve mathematics

achievement and attitudes., Perhaps the most interesting finding of the current

study, however, is that students who played recreational games at home as well
as receiving the computer game at school improved more than any other group
of students, suggesting that recreational video game playing may “prime”

students to receive greater benefits from educational video games.
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APPENDIX A
ACADEMIC COMPETENCE SURVEY
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Please fill out the following, circling the number that is most appropriate for the

student in question. Please make sure that all items are marked.

Child’s Code Name________________________

Lowest
10%

Next
Lowest
20%

Middle
40%

Next
Highest
20%

Highest
10%

1.

Compared with the other children in
my classroom, the overall
academic performance of this
child is:

1

2

3

4

5

2.

In mathematics, how does this
child compare with other students?

1

2

3

4

5

3.

In terms of grade-level
expectations, this child's skills in
mathematics are:

1

2

3

4

5

4.

This child's overall motivation to
succeed academically is:

1

2

3

4

5

5.

Compared with other children in my
classroom this child's intellectual
functioning is:

1

2

3

4

5

Stop. Please check to be sure all items have been marked.

Modified from Gresham & Elliott, 1990
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APPENDIX B

MATHEMATICS ATTITUDE SURVEY
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Code Name_________________________

Instructions: Circle the response that best describes your response to the

question.

1.

I enjoy math.

Strongly Disagree

Disagree

Neither Agree nor
Disagree

Agree

Strongly Agree

© © © © ©
1

2.

2

3

4

5

Agree

Strongly Agree

I look forward to math time in class.

Strongly Disagree

Disagree

Neither Agree nor
Disaqree

© © © © ©
1

3.

3

4

5

Neither Agree nor
Disagree

Agree

Strongly Agree

2

I enjoy doing math homework.

Strongly Disagree

Disagree

© © © © ©
1

2

3
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4

5

4.

In my free time, I would do math worksheets.

Strongly Disagree

Disagree

Neither Agree nor
Disagree

Agree

Strongly Agree

© © © © ©
1

5.

2

3

4

5

In my free time, I would play a math computer game.

Strongly Disagree

Disagree

Neither Agree nor
Disagree

Agree

Strongly Agree

© © © © ©
1

2

3

Developed by Sarah Lakamp
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5

APPENDIX C

TEACHER INTERVIEW QUESTIONS
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The teacher interviews are dynamic, so the following questions are merely a

guideline/starting point. All questions may not be asked and additional questions
may be asked.

1.

In general, how do you feel about math instruction?

2.

How do you feel about worksheets as a practice method?

3.

How do you feel about computers? Are you comfortable using them in a

classroom environment?

4.

Are you comfortable with using software you haven’t used before?

5.

If you had a classroom assigned to the computer game, how did you feel

about the experience?

6.

How do you think your students responded to using the computer game?

7.

Do you think your instructional strategies would change if you used
computer games as part of your curriculum?

8.

If given the choice, would you use worksheets or computer games?
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DEMOGRAPHICS QUESTIONNAIRE
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1.

Code name of this child:___________________________

2.

Age of this child (in years): ______

3.

Gender of this child (check one):

___ Male
___Female

4.

Ethnicity of this child (check one):

___Asian
___Black
___Caucasian
___Hispanic
___Other (____________ )

5.

What is the primary language spoken in the home? _______________

6.

Number of adults in the home:_______

7.

Number of children in the home:______

8.

Education level of child’s mother (check one):
___ Has not finished high school
___ Graduated from high school
___ Trade school
___ Some college (includes A.A. degree)
___ Graduated from college (B.A. or B.S. degree)
___ Some .post-graduate work
___ Graduate or profession degree (specify:_______________ )
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9.

Education level of child’s father (check one):

___ Has not finished high school
___ Graduated from high school
___ Trade school
___ Some college (includes A.A. degree)
___ Graduated from college (B.A. or B.S. degree)
___ Some postgraduate work
___ Graduate or profession degree (specify:________________)

10.

Is there a computer in the home?

__ Yes
___No

a. If yes, approximately how many hours a week does this child spend

on the computer?________
b. Approximately how much of this time is spent playing educational
games?_______
11.

Is there at least one video game console in the home?

___Yes
___No

a. If yes, approximately how many hours a week does this child spend

playing video games?_______
b. Approximately how much of this time is spent playing educational
games?________
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